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DISK DEVICE WITH IMPROVED ERROR-CORRECTION CAPABILITY 
BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to disk devices in which 
error-correction processing is performed when an error 
occurs during reading of data from disks . 

2. Description of the Related Art 

Fig. 4 illustrates error -correct ion processing 
performed by a conventional disk device. 

A disk device shown in Fig. 4 is used for reading data 
from and writing data to a conventional flexible disk. A 
disk drive 10 and a host computer 30 are connected by a 
predetermined interface. The disk drive 10 loads a disk 16 
having a predetermined format in a disk drive body 14- The 
host computer 30 includes an operating system (OS) 31 and a 
device driver 32 for controlling the disk drive body 14. 
Data delivery is performed between the disk drive body 14 
and the OS 31 by means of the device driver 32. 

An error- correction code (hereinafter referred to as an 
"ECC"), such as a CI code of Reed Solomon codes, is added 
along with data itself to a signal written to the disk 16 
for every sector. Error correction is performed by reading 
and processing the ECC when reading data. 
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The conventional disk device is provided with an error- 
correction unit on a processing circuit of the disk drive 10 . 
Using the ECC, such as the CI code, read from the disk, the 
error-correction unit in the disk drive 10 performs error 
correction in units of one block (physical block address; 
PBA) corresponding to data in one sector. 

A flexible magnetic disk for high-density storage with 
a capacity of, for example, approximately 200 MB, has a 
substantially smaller track width than a conventional disk 
due to increased writing density. The disk for high- density 
storage has a much higher writing frequency. When an error 
occurs in read data due to a defect or dirt on the surface 
of the disk, the size of the region influenced by such a 
defect or dirt is substantially increased, so as to extend 
over a plurality of sectors. In such a case, an error may 
not be recovered by error correction in data units (PBA 
units) for one sector based on the ECC, such as the CI code. 

It has therefore been proposed to provide a hardware 
error-correction unit having an error correction capability 
higher than the above error-correction unit. In order to 
provide such an error- correction unit, a CPU contained in 
the disk drive 10 must be replaced by one with a greater 
operational capacity. It is also necessary to increase the 
memory capacity. Thus, an electronic circuit installed in 
the disk drive 10 must be very expensive. 
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SUMMARY OF THE INVENTION 

Accordingly, It Is an object of the present Invention 
to provide a disk drive having an error-correction 
capability higher than that of a conventional device without 
modifying the disk drive hardware. 

According to one aspect of the present invention, there 
is provided a disk device Including a disk drive Including a 
head for reading data written to a disk and a processing 
circuit for processing the data, and a host computer 
connected to the disk drive through an interface. The 
processing circuit of the disk drive includes a low- level 
error-correction unit for performing error correction of the 
data written to the disk in units of one block. The host 
computer includes a high-level error- correction unit for 
performing error correction of the read data supplied 
through the interface in units of a plurality of blocks. 

For example, the low-level error -correction unit 
performs error correction for every block, where one block 
corresponds to one sector in which one piece of data is 
written. Data in every block are grouped as a plurality of 
blocks, and the high-level error correction performs error 
correction for every plurality of blocks . 

Accordingly, when an error that extends over sectors is 
caused by a defect or dirt on the surface of a disk, which 
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has been uncorrectable hitherto, it is possible to recover 
data read from the disk. In such a case, the high-level 
error-correction unit may be simply obtained by installing 
software in the host computer. It is therefore unnecessary 
to implement hardware modifications, such as building a new 
arithmetic circuit on the disk drive circuit, increasing the 
capability of a CPU, and increasing the storage capacity. 

A high- reliability disk to which both a low- level ECC 
and a high-level ECC are written and a disk to which only 
the low- level ECC is written may be loaded into the disk 
drive. When the high- reliability disk is loaded, the 
processing circuit of the disk drive performs low-level 
error correction, and then the host computer, to which the 
corrected data is supplied, performs high-level error 
correction, vmen the latter disk is loaded, the processing 
circuit of the disk drive performs low- level error 
correction, and the host computer processes the corrected 
data. 

For example, the high-reliability disk includes a SYNC 
region, a data region, and a low- level ECC (for example, a 
CI code) for every sector. The high- reliability disk also 
includes a high-level ECC (for example, a C2 code) for every 
plurality of sectors. In contrast, only a low- level ECC 
(for example, a CI code) is written to the latter disk. 
When the high-reliability disk is loaded into the disk drive. 
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the processing circuit of the disk drive performs error 
correction based on the low- level ECC. The corrected data 
is supplied to the host computer, and the host computer 
performs error correction based on the high-level ECC in 
units of blocks (logical block address; LBA) . When the disk 
other than a high-reliability type is loaded, the disk drive 
only performs error correction based on the low- level ECC. 
The corrected data is supplied to the host computer. 

When writing data to the high-reliability disk, the 
host computer processes a low-level ECC for every sector and 
adds the low- level ECC to the data. In addition, the host 
computer processes a high-level ECC for every plurality of 
sectors and adds the high-level ECC to the data. 

Information may be written to a disk for discriminating 
a high- reliability disk to which both a low- level ECC and a 
high-level ECC are written from a disk to which only the 
low-level error correction is written. The host computer 
may determine which disk is inserted based on the 
information . 

Specifically, there is no difference between formats to 
be written to disks, discriminating a disk to which both the 
low- level ECC and the high-level ECC are written from a disk 
to which only the low-level ECC is written. Thus, it is 
necessary to discriminate between both disks prior to 
reading from or writing to the disk. In this case, it is 
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useful to write identification numbers of both disks in a 
region in the disk which is inaccessible to a user. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a circuit block diagram of a disk device 
according to an embodiment of the present invention; 

Fig. 2 is an illustration of a method of error- 
correction processing performed by the disk device shown in 
Fig. 1; 

Fig. 3 is an illustration of an ECC format and error- 
correction processing; and 

Fig. 4 is an illustration of a method of error- 
correction processing performed by a conventional disk 
device . 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

A disk device according to an embodiment of the present 
invention is described with reference to the accompanying 
drawings. Fig. 1 is a block diagram of a disk drive 10 of 
the disk device according to the embodiment of the present 
invention. Fig. 2 is an illustration of a method of error- 
correction processing. Fig. 3 is an illustration of error- 
correction processing. 

The embodiment described hereinafter employs a flexible 
magnetic disk for high-density storage with a memory 
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capacity of, for example, 2 00 MB, which is loaded into the 
disk drive 10. 

Referring to Fig. 1, a disk drive body 14 in the disk 
drive 10 is provided with a rotational driver 1- The 
rotational driver 1 includes a turntable 3 which is 
rotatably-driven by a spindle motor 2 . The center of a disk 
D is clamped on the turntable 3. The disk D is a flexible 
disk for high-density storage. The disk D is inserted from 
the outside into the disk device to be mounted on the 
rotational driver 1 . The spindle motor 2 is driven and 
controlled by a motor driver 4 . 

A magnetic head HO opposing a side #0 of the disk D and 
a magnetic head Hi opposing a side #1 of the disk D are 
supported by a support arm 5 on a head base 6. The head 
base 6 is driven by a voice coil motor (VCM) 1, i.e., a 
linear motor driver, in the radial direction of the disk D. 
The VCM 7 is driven and controlled by a VCM driver 8. 

The motor driver 4 and the VCM driver 8 are activated 
by control signals from a CPU 9 as a controller. 

The magnetic heads HO and HI are connected to a 
read/write (R/W) amplifier 11. The R/W amplifier 11 is 
connected to a disk controller 13. The disk controller 13 
is connected via a bus to a host computer 20 through an 
input/output interface (see Fig. 2). The disk drive body 14 
also includes an error-correction unit 12. 
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A write signal from the host computer 20 is formatted 
by the disk controller 13. The error-correction unit 12 
processes data and adds an ECC to the data, which is then 
supplied to the magnetic heads HO and HI through the R/W 
amplifier 11. The magnetic heads HO and HI read a signal 
from the disk D, which in turn is supplied from the R/W 
amplifier 11 to the disk controller 13 to be un-f ormatted. 
The read data is supplied to the host computer 20 through a 
bus in logical block address (LBA) units. The error- 
correction unit 12 in the disk drive body 14 performs low- 
level error correction. 

Referring now to Fig. 2, the host computer 20 includes 
therein an OS 21 and a device driver 22 for controlling the 
disk drive 10. The disk drive 10 includes the disk drive 
body 14. 

A high-reliability disk 15, which is a flexible 
magnetic disk for high-density storage with a memory 
capacity of, for example, 200 MB, in which predetermined 
bits are redundancy bits for high-level error correction, 
and a disk 16, which also has a memory capacity of 200 MB 
^ and to which only a low-level ECC is added, are compatible 
for loading into the disk drive body 14. 

Prior to reading/writing of data, the disk drive body 
14 confirms the disk type. This is performed either by a 
unit for reading a disk- type identification signal written 
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in a predetermined region of a loaded disk and then 
notifying the host computer 20, or a unit for issuing an 
appropriate command (for example, a mode-sense command or a 
"vender-unique" command in accordance with this object) from 
the host computer 20. Based on the obtained information, 
the host computer 20 determines whether it is necessary to 
write data to which the high-level ECC is added (or to read 
data as if the high-level ECC is added to the data) or to 
read/write data to which only the low- level ECC is added. 

Fig. 3 schematically illustrates a writing format of 
the high-reliability disk 15. The writing format of the 
high-reliability disk 15 is such that, for every sector, a 
SYNC region 23, a region storing data 24, and a region 
storing a low-level ECC (CI code) 25 are continuously 
arranged. The low-level ECC (CI code) 25 is capable of 
correcting an error in units of one block (physical block 
address; PBA) corresponding to data in one sector. For 
example, the amount of data in one block is 512 Bytes. 

A high-level ECC (C2 code) 26 for two sectors is 
written as redundancy bits every 64 sectors. The high-level 
ECC 26 is capable of performing high-level error correction 
in the host computer 20 in units of 64 blocks (logical block 
address ; LBA) . 

The SYNC region 23 in each sector represents the 
beginning of the data 24. Synchronization is obtained based 
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on the SYNC region 23, and the data 24 is read. 

Although not shown in the drawings, servo infoxTnation 
for tracking servo, such as the SYNC region, A burst, and B 
burst, is written in each sector or a set of sectors in 
order to correct positional deviations of the magnetic head 
relative to the disk. 

Processing operations performed when the high- 
reliability disk 15 is loaded into the disk drive body 14 
and the magnetic head HO or HI reads a signal written to the 
disk are described below. 

A signal read by the magnetic head HO or HI is 
amplified by the R/W amplifier 11, which in turn is sent to 
the disk controller 13 to be demodulated. Simultaneously, 
the error -correction unit 12 performs low-level error 
correction. Specifically, the error- correction unit 12 
provided in the disk drive body 14 performs the low- level 
error correction (CI correction) based on the CI code 25. 
The low-level error correction is performed in data units of 
one block (PBA) corresponding to the amount of data written 
in one sector. 

The data for which the low- level error correction is 
performed is sent from the disk controller 13 to the host 
computer 20 through the input /output interface and a bus 
line L2. The host computer 20 sends the data for which the 
low- level error correction is performed to the device driver 
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22. The device driver 22 perfoims predetermined data 
processing and high-level error correction- Then, the data 
is sent to the OS 21. 

The data is transferred from the disk drive body 14 to 
the host computer 20 in one block (LBA) having, for example, 
the amount of the data 24 written in one sector. After 
loading data for 64 blocks (LBAs), the device driver 22 
simultaneously reads the high-level ECC (C2 code) for two 
sectors (LBAs). The C2 correction based on the C2 code for 
two LBAs is performed in data units of 64 blocks (LBAs). 
The corrected data is notified to the OS 21. 

Even when a reading failure occurs over a plurality of 
sectors due to, for example, a defect or dirt on the surface 
of the disk, it is possible to recover, using high-level 
error correction based on the high-level ECC (C2 code) 26, 
data that cannot be recovered by error correction based on 
the CI code 25. 

When the disk 16 to which only the CI code 25 is 
written is loaded into the disk drive 10 and a signal is 
read therefrom, the error- correction unit 12 provided in the 
disk drive body 14, as shown in Fig. 1, performs low- level 
error correction based on the CI code. The corrected data 
is sent to the device driver 22 through a bus line LI and 
the input/output interface. This in turn is processed and 
notified to the OS 21. 
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Specifically, the device driver 22 may perform data 
processing of both the data read from the high- reliability 
disk 15 having the CI code 25 and the C2 code 26 and the 
data read from the disk 16 having only the CI code 25. 

When the error-correction unit 12 of the disk drive 
body 14 performs error correction using the CI code, a 
predetermined number, such as 32, of retry operations are 
performed until the corrected data is recovered to a 
predetermined rate. Specifically, when the error rate of 
the read data is high, the data is repeatedly read until the 
data on the same sector can be recovered. 

If the data is not recovered even after the 
predetermined number of retry operations, the retrying is 
terminated. When the loaded disk is the disk 16, which is 
not a high-reliability type, upon teirmination of the 
retrying it is established that data reading is impossible. 
This is notified to the device driver 22 of the host 
computer 20. 

In contrast, when the loaded disk is the high- 
reliability disk 15, even when data cannot be recovered 
after the predetermined number of retry operations, the data 
is sent to the device driver 22 of the host computer 20. As 
described above, the high-level error correction using the 
C2 code 26 is performed. When the data cannot be recovered 
even with this error correction, a reading failure occurs. 
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Since the ECC (C2 code) 26 for two sectors is added to 
the high -reliability disk 15 every 64 sectors, the region 
available for a user is smaller than that of the disk 16, 
which is not a high reliability type. For example, when the 
disk 16 has a 200 MB memoiry capacity, the memory capacity 
(redundancy) required for the C2 code 26 is approximately 6 
MB (= 200 MB X 2 / (64 + 2)). The region available to the 
user is therefore decreased to approximately 194 MB. 

The capacity of the C2 code 26 can be changed, as 
necessary, according to the required disk reliability. For 
example, when increasing reliability, the capacity is 
changed by increasing redundancy. This may be performed by 
adding a C2 code of more than two sectors or by adding a C2 
code fewer than every 64 sectors. 

When the redundancy is changed as described above, 
disks with different redundancies have different processing 
modes. It is therefore necessary to provide different disk- 
type identification information to be written on the disks. 

When the disk device writes data to a disk, the data is 
sent from the OS 21 to the device driver 22, and is then 
transferred to the disk drive 10 through the bus line L2 in 
LBA units. Simultaneously, the device driver 22 processes 
the data in units of, for example, 64 LBAs, and generates 
the C2 code 26. After transferring the data for 64 LBAs, 
the C2 code 26 for two LBAs is sent to the disk drive body 
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14 through the bus line L2. 

The disk drive body 14 performs predetermined 

formatting, such as for the SYNC region 23 and the data 24, 

in one PBA unit. Simultaneously, the error-correction unit 

12 processes the data in one PBA as one unit and generates 

the CI code 25. The generated CI code is added to the data. 

which in turn is written to the disk by means of the 

magnetic heads HO and HI. 

Accordingly, the disk device is capable of forming the 

high-reliability disk 15. 

When the disk device writes data to the disk, the C2 

code 26 may not be added, and only the CI code 25 may be 

added, thus forming the disk 16. 

When the high-reliability disk 15 or the disk 16 is 
formed, a specific disk- type identification signal is 

written in a predetermined region. 

The disk device according to the present invention is 
not limited to the above embodiment. The present invention 
is not limited to disk device for reading/writing the above 
flexible magnetic disk for high-density storage, and 
alternatively, may be applied to a disk device for 
reading/writing another disk, such as an optical disk or a 
magneto -optical disk. Changes and variations may be made 
without departing from the spirit of the invention. For 
example, it is possible to change the space between the C2 



- 15 - 

codes 26 or the memory capacity to be allocated. 



- 16 - 



WHAT IS CLAIMED IS: 

1. A disk device comprising: 

a disk drive including a head for reading data written 
to a disk and a processing circuit for processing the data; 
and 

a host computer connected to said disk drive through an 
interface; 

wherein the processing circuit of said disk drive 
includes a low-level error-correction unit for performing 
error correction of the data written to the disk in units of 
one block; and 

the host computer Includes a high-level error- 
correction unit for performing error correction of the read 
data supplied through the Interface in units of a plurality 
of blocks . 

2. A disk device according to Claim 1, wherein: 
a high-reliability disk to which both a low- level 

error- correction code and a high-level error-correction code 
are written and a disk to which only the low- level error- 
correction code Is written are loadable into said disk 
drive ; 

when the high-reliability disk is loaded, the 
processing circuit of said disk drive performs low-level 
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error correction, and then said host computer, to which the 
corrected data is supplied, performs high-level error 
correction; and 

when the latter disk is loaded, the processing circuit 
of said disk drive performs low- level error correction, and 
said host computer processes the corrected data. 

3 . A disk device according to Claim 1 , wherein : 
Information is written to the disk for discriminating a 
high-reliability disk to which both a low- level error- 
correction code and a high-level error- correction code are 
written from a disk to which only the low- level error 
correction is written; and 

said host computer determines which disk is inserted 
based on the information- 
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ABSTRACT OF THE DISCLOSURE 

A disk device for performing error-correction 
processing is loaded with a high-reliability disk to which a 
CI code as a low-level error- correction code (ECC) is added 
for every sector, and a C2 code as a high-level ECC is added 
for every plurality of sectors . A host computer includes a 
device driver corresponding to the high-reliability disk. 
When data written to the high-reliability disk is read, low- 
level error-correction is performed based on the CI code in 
units of one block corresponding to one sector, and the 
corrected data is notified to the host computer. 
Simultaneously, the C2 code along with the data for a 
plurality of blocks is loaded, and high-level error 
correction based on the C2 code is thereby performed. 
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1 hereby claim foreign priority under Title 35, United Stales Code, 
Section 119 (a)-(d) or 365(b) of any foreign application(s) for patent 
or inventor's certificate, or 3G5(a) of any PCT International 
application which designated at least one country other than the 
United States, listed tielow and have also identified below, by 
checking the box, any foreign application for patent or inventor's 
certificate, or PCT International application having a filing date 
before that of the application on which priority is claimed. 

Priority Not Claimed 

25/02/1999 

(Day/Month/Year Filed) 



(Day;Month/Year Filed) 

I hereby claim the benefit under Title 35, United States Code. 
Section 1 19(e) of any United States provisional application(s) listed 
below. 



(Application No.) (Filing Date) 

I hereby claim the benefit under TitJe 35, United States Code, 
Section 120 of any United States appllcation(s), or 365(c) of any 
PCT International application designating the United States, listed 
below and, insofar as the subject nnatler of each of the claims of 
this application is not disclosed in the prior United States or PCT 
International application in the manner provided by the first 
paragraph of Title 35, United States Code Section 112. I 
acknowledge the duty to disclose information wtiich is material to 
patentability as defined in Title 37, Code of Federal Regulations, 
Section 1.56 which became available t>etween the filing date of the 
prior application and the national or PCT International nimg date of 
application. 



(Status: Patented, Pending, Abandoned) 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on infomnation 
and belief are believed to be true; and further that ttiese 
statements were made writh the knowledge that willful false 
statements and the like so made are punishable tiy fine or 
imprisonrtient, or both, ur>der Section 1001 of Title IS of the 
United States Code and that such willful false statennents may 
jeopardize the validity of the application or any patent issued 
thereon. 



(Filing Date) (Status: Patented. Pending, Abandoned) 



PTO/SB/106(S-96} 
Approved fof UM through 9/3<V98. OMB 0651-0032 
PaitrA tnd Tr»d«m«i( Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Re<iuctton Act of 1 995, no persons are required to respood to a coH^ctkw of 'mforiMtlon uoIwhi K display* a valid OMB control number. .- 



Japanese Language Declaration .• 

SfTrtlt : UiiT?S.O)fti^^tLX. ^HilSiCBgi" 5 — ^« power of attorney: As a named inventor, l hereby appoint 
^K*^r*»^rPS^!(J^i-*f LT)I^^Ti-5#a-±-f fcilftaA tfie follov/lng attomey(») and/or agenl(j) (o prosecute this 
hLX. TtZ(D^^i^^^^tzL'£i'. {#S-±. ifcllftS application and transact all business, .In the Patent and Trademarii 
X<Oek^JAtfS:^^-^i:^^<»^ i) Office connecled therewith O'^t r,:imc and registration number) 

See Attachment A 




Send CorresfKridence to: 




Brinks Hofer Gilson & Lione 




P.O. Box 10395 




Chicago, Illinois 60610 




(312) 321-4200 




Direct Telephone Calls to: [name and telephone numbef) 







Full name of sole or first inventor 

Takayuki Sugawara 








Inventor's signature, ri ,.Da!e 

V < C\- n: K ; ) <J^Cw WX. Feb ruary 


14 


im 




Residence ^ 

Fukushlma-ken , Japan 








Citizenship 

Japan 








Post Office Address 

c/o ALPS ELECTRIC CO., LTD. 




1-7 Yukigaya, Otsuka-cho, 
Ota-ku, Tokyo, Japan 






Full rwrne of second joint inventor, if any 

Hirokl Hlrashlma 








Second inventor's signature ^ Date 

l^-lk^r^ Jii/vaMViA^O-^ February 14, 








Residence 

Fukushima-ken, Japan 








Citizenship 

Japan 








Post OfOce Address 
c/o ALPS ELECTRIC CO., LTD. 




1-7 Yukigaya, Otsuka-cho, 
Ota-ku, Tokyo, Japan 



(jfiEWMkCOjt-IplJSDfl-^iiC-Ol ^TtlSietl^oaitL, 54 ^ri" (Supply similar information and signature lor third and subsequent 
Zi'Ch) joint inventors.) 





Full name of third joint inventor, if any 

Isao Asano 


mmmm hi* 


ThirsJ. inventor's signature Date 

V i ijAli'Pr /{/ifAiiO^ February 14, 2000 


m 


Residence 
Fukushima-ken, Japan 


mm 


citizenship 
Japan 


mm 


Post Office Address c/o ALPS ELECTRIC CO., LTD. 
1-7 Yukigaya, Otsuka-cho, Ota-ku, 
Tokyo , Japan 








Full name of fourth joint inventor, if any 

Kyoichi Shlrane 




Fourth inventor's signature Date 

/^,tcA: .^J/).^n.^^-^ February 14, 2000 




Re^dence 
K3.IlcL§3W3~ksil 5 J3p3.Il 


mm 


citizenship 

J3p3ri 


mm 


Post Office Address c/o SONY CORPORATION 

7—35 Kitashinagawa , 6— chome, Shlnagawa— ku, 
Tokyo , Japan 








Full name of fifth joint inventor, if any 




Fifth inventor's signature Date 


m 


Residence 


mm 


Citizenship 


mm 


Post Office Address 







ATTACHMENT A 



GuyW. Shoup 26,805 

Allan J. Sternstein 27,396 

Gustavo Siller, Jr. 32,305 

John 0. Freeman 34,483 

William F. Prendergast 34,699 

Vita G. Conforti 39,639 

Mark H.Remus 40,141 

Steven G. Steger 40,185 

TadashI Horie 40,437 

Joseph F.Hetz 41,070 

Jason C. White 42,223 



